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Abstract 
In charting the history of rigid gas permeable (RGP) contact lenses (CL), ,. 
it is evident that the emergence of today's materials is the result of CL 
designers striving to develop a more symbiotic relationship between the 
cornea and the CL. With higher gas permeable materials combined with 
knowledge gained from the PMMA era of lens modification, this symbiotic 
relationship becomes a reality. One such modification aiding this relationship 
is blending. 
Blending is perhaps the single most common RGP modification 
performed by the private practitioner. Presently, there is controversy among 
practitioners as to what blending actually does to the lens -- does it remove 
stock material or simply displace it? 
The effects of blending on two common RGP materials, Boston IV and 
Polycon II, were studied. The lenses were divided into an experimental and a 
control group and then weighed. A "B" (.2) blend was given to the 
experimental lenses and they were then re-weighed. This revealed 
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(at the p = 0.0001 level for Polycon II and p = 0.003 for Boston IV) that 
blending of Boston IV and Polycon II lenses does remove material. 
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Introduction 
The genealogy of modern contact lenses is long and distinguished. First 
and most notably, Leonardo de Vinci, in 1508, illustrated the first contact lens 
concept (a person with his head immersed in a glass bowl). Rene' Descartes, 
followed in 1637, developing ideas for correcting corneal astigmatism. Much 
later in 1801, Thomas Young further contributed to theoretical insights in the 
area of contact lenses. In 1827 the British scientist, Sir John F.W. Herschel, 
described the potential of these devices and even considered a technique for 
making their optical effects visually useful. Yet none of these scientists are 
known to have made a wearable contact lens. 
Not until 1887 was it reported that a wearable contact lens had been 
manufactured, though only as a protective device. And in 1888 a German 
physician, A. Eugen Fick, designed and made a large glass lens with refractive 
power. $imultaneously, a French MD, Eugene Kalt,had similar lenses made in 
his attempt to work with keratoconus patients. A German family named Muller 
also added to CL knowledge with their work with glass, prosthetic eyes. 
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Plastic began to be used in the contact lens industry in 1936 with 
optometrist William Feinbloom's combination glass corneal section/plastic 
scleral section contact lens. One year later, Obrig discovered the advantages of 
using black light with a 2% aqueous solution of fluorescein in the fitting of 
contact lenses. In 1939 it is thought that polymethylmethacrylate (PMMA) lens 
were developed. Apparently Theodore Obrig, Ernest Muller and Istvan Gyorrfy 
simultaneously had the "light go on" regarding the use of PMMA. PMMA 
dominated the market place for years due to its durability, ease of 
manufacturing, modifying, maintenance and bacteriostatic properties. However, 
with all of its positive qualities the fact was that the wearing time was very short 
(several hours) before a "fogging" (Sattler's Veil) sensation developed. 
Drs. Goodlaw and Braff, contact lens specialists, set out to uncover the causes 
of the corneal fogging/clouding. Goodlaw compiled the current research as well 
as his own findings and delivered a paper at a symposium. Present at the 
meeting was Kevin Tuohy, an employee of Obrig Laboratories. With the new 
ideas, Tuohy designed a radically new contact lens. However, Tuohy said, "It is 
interesting to note that the idea of a corneal contact lens is not new" (Tuohy, 
1963). Tuohy and a colleague, Xavier Villagran, then fit some twelve people 
with the corneal lens. In a paper delivered before the American Academy of 
Optometry in December, 1947, Tuohy expressed the opinion that Sattler's Veil 
was not caused directly by the solutions used in a contact lens, but rather that it 
was caused by interference with normal metabolism of the cornea which 
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resulted from pressure (physical and hydrodynamic} upon the limbal and/or 
para-limbal areas. The fact that the 12 control cases fit by the Tuohy lens did 
not develop corneal edema would seem to support this hypothesis {Tuohy, 
1963). As a result of his diligent research, Tuohy was granted his corneal lens 
patent in June of 1950. 
Since then, contact lens designers have built upon the findings of Touhy 
and others in developing lenses that generate tear movement! flushing from 
under the lens (Goldberg, 1971) and increased permeability of the lenses to 
oxygen -- all of which leads to a reduction in corneal edema. 
With the dynamics of tear movement and tear flushing from beneath 
contact lenses well understood, Leonard Seidner, 0.0., felt a more fruitful 
approach (vs. HEMA) to reducing corneal edema would be a rigid gas 
permeable material. This hypothetical material would be permeable enough to 
reduce or even eliminate edema and other corneal problems for which an 
oxygen deficiency might be responsible. A library search revealed silicone and 
flourocarbons as the most gas permeable materials. Seidner then hired 
Norman Gaylord to combine silicone with PMMA. In an attempt to make the 
lenses more permeable and wet better other agents were cross-linked into the 
silicone/PMMA complex. Patents were granted for silicone and flourocarbon 
lenses in 1972 and 1975 respectively. Syntax then purchased rights to the 
silicone patent -- the lens was named Polycon I. It is reported that the Polycon I 
lens is a combination of methyl methacrylate and 30% silicon (Ghormley, 1980). 
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Thus, a combination of the world of high gas permeable lenses with lens 
modification techniques developed from the PMMA era is possible thus bringing 
about a more symbiotic relationship between lenses and eye health. 
Since the cornea is prolate -- that is, the corneal curvature flattens as you 
move toward the limbus, contact lenses have had to "flatten off" towards the 
periphery. The flattening allows for corneal respiration and prevents stagnation 
of pre-corneal fluids under the lenses (Jenkins, 1970; Atkinson, 1975; Sarver). 
Peripheral lens flattening is brought about through application of multiple flatter 
curves and blending (Atkinson, 1975). 
According to Hill and Fatt, the rate of oxygen uptake by the cornea is 
about 4.8 J.Lf/hr./cm2. In non-contact lens wearers, most of the oxygen available 
to the cornea is dissolved in the tears and is spread uniformly over the cornea. 
When the eyes are closed, it enters from the arterioles that line the palpebral 
conjunctiva. A contact lens may block atmospheric oxygen, thus oxygen must 
be transported beneath the contact lens in the tear film as a result of lid action or 
it must pass directly through the material (Atkinson, 1975). Sarver refers to the 
research of Smelser and others in showing "that oxygen deprivation due to 
contact lens wear can cause corneal edema." Sarver also calculated "that 
about one-half of the minimum corneal oxygen (requirement) will diffuse 
through a thin Polycon lens under open eye conditions." 
With the present RGP materials allowing only one-half of the minimum 
required oxygen, the cornea then must rely on the physical design of the lens to 
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provide the remaining one-half of the oxygen needed. For this reason as well 
as patient comfort and cent ration of the lens on the cornea, the science and art 
of peripheral edge design has emerged. 
Most present-day vision care specialists still subscribe to the philosophy 
of an alignment fit. In order to obtain this alignment many make use of standard 
peripheral curve radii; generally 10.5 mm, 11.5 mm or 12.5 mm (Bibby, 1979). 
Others vary the peripheral curve radius as they alter base the curve radius 
(Bibby, 1979). 
Regardless of the method used in obtaining flatter peripheral curves, it is 
apparent that the peripheral curve serves many important functions. The 
advantages of being able to modify the peripheral curves as an in-office 
procedure are very apparent; in-office diagnosis and correction of mechanical 
problems at the time the patient is in the office with the complaint upgrades the 
professional service to the patient (Lee, 1987). Immediate assessment can be 
made of the modification and ensures no readaptation while the lenses are at 
the lab. Custom modified lenses may also increase wear time (Atkinson, 1975) 
and save the patient an added visit and accompanying readaptation. The 
doctor becomes more knowledgeable about fitting RGP lenses ultimately 
leading to increased annual gross income (Richardson, 1966). 
Hendrick and Stone (1980) looked at two methods of applying peripheral 
curves; one method involved the use of diamond coated brass tools, another 
involved brass tools covered with Dermicel Brand First Aid Tape (Johnson & 
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Johnson). Their research was oriented toward determining if stock (material) 
was removed or simply displaced by the two afore mentioned modifying 
techniques. The researchers concluded that Dermicel was as effective as 
diamond coated tools (at the .05 level) in removing stock from PMMA, CAB and 
Polycon lenses. 
Blending brings about a flattening of the periphery and subsequently has 
many of the same results as does adding flatter peripheral curves (Atkinson, 
1975). Blending is perhaps the single most common RGP modification 
performed by the private practitioner. A lens may also require blending due to a 
sharp transition zone noted during inspection, a "3 and 9 impression" is seen on 
the patient's cornea during fluorescein evaluation (Lee, 1987). Typically, the 
blending tool radius falls between the peripheral curve (PC) and the secondary 
curve. 
There is presently some controversy among practitioners as to what 
blending actually does to a lens. Some feel blending removes stock while 
others feel it is a super polishing and thus only displaces stock. To date, no 
studies have been done in this area of modification. Knowing what the 
blending process actually does will enhance present in-office procedures in 
resolving mechanically induced RGP symptoms. 
This study is designed to investigate the application of blends on two different 
types of rigid contact lens materials, Polycon II and Boston IV, to determine if 
stock material is removed or displaced via the blending process. The 
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hypothesis is that the blending process removes stock material from Polycon II 
and Boston IV. 
Methods 
Two types of RGP lens material were utilized- Boston IV and Polycon II. 
The lenses were obtained compliments of the manufacturers and were expired 
regarding date to be used; however, they were unused. Twenty-four Boston IV 
lenses and 45 Polycon II lenses were involved in the experiment. Each 
population of lenses were randomly separated into an experimental group 
consisting of 12 Boston IV and 25 Polycon II and a control group consisting of 
12 Boston IV and 20 Polycon II. The lenses were then verified as to the base 
curve, OAD, PCW, CT, and power to determine that no warped or damaged lens 
would be included in the experiment. No lenses were excluded. 
It was impossible to determine the peripheral curve radius of the Boston 
IV lenses. Therefore, those in the experimental group were given a 12 mm 
peripheral curve obliterating any existing peripheral curve, making them a 
bicurve design. The Polycon II lenses' peripheral curve parameters were 
determined by referring to the Polycon II lens specifications published by the 
manufacturer. 
The blending protocol consisted of putting a "B" (.2) blend on the 
experimental groups. The blending tool radius was halfway between the base 
curve and in the case of the Boston IV lens, the only peripheral curve. In the 
case of the Polycon II lens the blend was put half way between the base curve 
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and the first peripheral curve radius. The blending tool was a brass modifying 
tool covered with velveteen. Mandel states that the type of pad material 
selected has a direct outcome on the nature of the modification. A hard material 
will cause a more spherical intermediate curve at the junction, while a softer 
material will result in two more rounded off aspheric curves of unknown 
dimensions. The velveteen increased the tool radius by 0.25 mm (Mandel, 
1981 ). For example, if a bicurve lens had a base curve of 8.00 mm and a 
peripheral curve of 12.00 mm, the midpoint is 1 0 mm. Since the velveteen adds 
0.25 mm, a 9. 75 mm radius tool would be ideal. However, if an exact midpoint 
could not be achieved due to a limited selection of modifying tools, some 
approximations were made. In the example, if a 9.75 mm (before velveteen) 
tool was not available, a range of between 9.80-9.90 mm tool would suffice. It is 
desirable to error toward the side of the peripheral curve so as not to encroach 
into the optic zone. In the example, if a 9.7 mm or 9.8 mm tool were the only 
choices, the 9.8 mm tool was selected since 9.7 + 0.25 = 9.95 and 9.8 + 0.25 = 
1 0.05 and the error should be on the peripheral curve side. Silo Care was used 
as the abrasive during blending. 
Before any modifications were performed all the lenses were cleaned in 
a controlled manner. They were cleaned with Boston cleaner by rubbing 
between the thumb and forefinger for 20 seconds, then rinsed in tap water for 8 
seconds and dried with a Kimwipe. The lenses were not touched during drying 
and were placed in a clean, dry contact lens mailer for storage. 
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An RGP CL can be expected to be hydrated a small percentage of its 
total weight. This variable was controlled by dehydrating the lenses with 
indicating anhydrous CaS04, This was achieved by separating the lenses into 
two batches. Batch #1 contained 13 Boston IV and 1 0 control Polycon II lenses 
and 6 experimental and 6 control Boston IV lenses. Batch #2 contained 12 
experimental and 10 control Polycon II and 6 control Boston IV lenses. Each 
batch of lenses were kept in their mailers with the covers left open. They were 
placed in an airtight container that measured 11" x 14" x 3". The CaS04 was 
uniformly dispersed 1/2" thick on the bottom of the container and the mailers 
were placed on top. The lenses were exposed for 12 hours to the CaS04, then 
immediately weighed. 
The lenses were weighed on a Sartorius digital analytical balance 
accurate to 0.0001 gram (0.1 milligram). Each lens was weighed 5 times and 
the weight averaged. Experimental and control lenses were cleaned and 
dehydrated each time simultaneously. This procedure was followed to assure 
that lens hydration/dehydration was not a factor in pre and post weighings. 
Following the weighing process the experimental lenses were then blended 
and all lenses (experimental and control) were subsequently cleaned, 
dehydrated and re-weighed. 
A "B" blend, defined as 0.2mm wide, was applied to each lens. The 
correct blend width was determined by viewing the lens with a peak scope and 
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observing the distinctness of the transition zone between the junction point of 
the two curves. To reach the desired blend width (0.2mm) the lenses were 
tooled for approximately 5 seconds at 1550 RPMs with a constant flow of H20. 
After blending, all the lenses were cleaned and dehydrated using the 
afore mentioned techniques. All lenses, experimental and control, were re-
weighed. 
Results 
The lenses (experimental and control) were weighed twice, before and 
after modification in the case of the experimental group. The control lenses 
were weighed along with the experimental group but no modifications were 
performed on the control lenses. The control group was a method of monitoring 
the effects of hydration/dehydration on the total weight of the lenses. Each lens 
was weighed 5 times and the weights averaged. The average of the pre and 
post weights of each lens were then analyzed by a paired, two-tailed, T-test with 
a level of significance at 0.05 or 0.025 on each side of the mean. 
The Boston IV experimental lenses had a mean weight loss of 0.193mg. 
The level of probability is 0.003. This is far below the 0.05 level. Therefore, the 
null hypothesis is rejected and it is concluded that there is a difference between 
the pre and post weighings that cannot be explained by mere chance. 
Inversely, the Boston control group demonstrated an average Joss of 
0.057mg with 4 lenses actually gaining weight. The level of probability is 0.24 
that this event occurred by chance - which is above the 0.05 level. Accordingly, 
11 
the null hypothesis, stating that the difference between pre and post weighings 
is merely by chance, is accepted. 
BOSTON IV LENSES 
EXPERIMENTAL GROUP CONTROL GROUP 
_f.BE._..fQSL -A- QALCJ.ILAII.Qr:.S _fBE._ ..fQSL ---4- Q61 Qlll 6IICr:.S 
1 15.18 15.04 -0.14 1 14.64 14.30 -o.34 
2 15.20 14.78 -0.42 DF•11 2 14.48 14.28 .0.20 DF•11 
3 14.28 14.18 ·0.10 3 8.86 8.88 0.02 
4 16.58 16.34 ·0.24 MEAN A- ·0.193 4 16.22 16.22 0.00 MEAN A- ·0.057 
5 14.22 14.02 -0.20 5 13.02 12.96 -o.06 
6 12.32 12.04 -0.28 PAIRED T VALUE• 0.529 6 13.66 13.60 -o.06 PAIRED T• 0.126 
7 17.28 17.20 ·0.08 7 14.20 14.22 0.02 
8 17.82 17.82 0.00 PROBABILITY· 0.003< 0.05 8 14.16 14.02 -o.14 PROBABILITY• 0.24> 0.05 
9 13.18 13.04 ·0.12 9 13.80 13.88 0.28 
10 14.90 14.80 .0.10 10 13.82 13.90 0.08 
11 14.56 14.10 -0.46 11 13.04 12.90 -o.14 
12 22.16 21.90 ·0.26 12 10.94 10.80 .0.14 
AVERAGE WEIGHTS (mg) AVERAGE WEIGHTS (mg) 
Likewise, the Polycon II lenses behaved in much the same fashion. The 
experimental group lost an average of 0.334mg, with a probability level of 
0.0001. Again, the null hypothesis is rejected. This loss of weight did not occur 
by chance. The control group lost an average of 0.035mg and demonstrated a 
probability of 0.20 which is larger than 0.05. This could have happened by 
chance. 
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POLYCON II LENSES 
EXPERIMENTAL GROUP CONTROL GROUP 
...EBL ..fCSL ---4-- "ALQUWiatlS -E.BL ..fCSL --io\_ ~L&ULAIIQt:IS 
9.48 8.82 ·0.66 1 11.26 11.24 -o.02 
2 10.80 10.36 ·0.44 DF-24 2 9.76 9.60 0.04 DF•19 
3 9.72 9.34 -0.38 3 10.08 10.00 -o.oa 
4 10.20 9.88 ·0.32 MEAN A- -D.334 4 8.70 8.60 -D.10 MEAN b.• -D.035 
5 9.82 9.10 -0.72 5 10.08 10.02 -o.06 
6 11.18 10.82 ·0.36 PAIRED T VALUE• 0.911 6 11.26 11.20 -o.o6 PAIRED T· 0.133 
7 10.50 10.02 -0.48 7 10.56 10.52 -D.04 
8 9.54 9.24 -0.30 PROBABIUTY• 0.0001< 0.05 8 11.00 10.60 -D.40 PROBABILITY• 0.20> 0.05 
9 10.82 10.40 -0.42 9 12.14 12.08 -o.oa 
10 10.24 9.80 -0.44 10 10.24 10.06 -D.18 
11 9.28 8.72 -0.56 11 8.88 8.84 .0.04 
12 10.54 10.02 -0.52 12 8.68 8.72 0.04 
13 11.64 11.22 -D.42 13 9.82 9.96 0.14 
14 9.34 9.22 -0.12 14 9.12 9.10 ,.().02 
15 10.04 9.80 -D.24 15 11.20 11.08 -D.12 
16 11.46 11.26 -D.20 16 11.46 11.54 0.08 
17 9.64 9.64 0.00 17 9.76 9.86 0.10 
18 10.08 9.72 .0.36 18 9.74 9.70 -D.04 
19 9.98 9.88 .0.10 19 9.96 9.98 0.02 
20 11.12 10.96 .0.16 20 9.84 9.9-4 0.10 
21 9.80 9.50 .0.30 AVERAGE WEIGHTS (mg) 
22 10.82 10.76 .0.06 
23 11.98 11.78 .0.20 
24 10.22 10.06 .0.16 
25 9.98 9.56 .0.42 
AVERAGE WEIGHTS (mg) 
Discussion 
The experimental results demonstrated that a high degree of probability 
exists between the application of a "8" blend and the subsequent loss of 
weighable material. That is to say a high probability exists of removing stock by 
blending using these particular silicone acrylate polymers (Boston IV - itafocon 
A, Polycon II silafocon A) and parameters with velveteen cloth and using Silo 
Care as a blending compound. Utilizing this type of blending technique on 
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other materials and with other methods may not exhibit similar results. The 
control groups did exhibit an average loss of weight between the pre and post 
weighings. This may be explained by the fact that the lenses were not fully 
rehydrated after the first weighing- only cleaned. Twelve hours may not have 
been an adequate time to fully dehydrate the lenses initially. Thus, another 
exposure to the CaS04 at the time of the second dehydration cycle may have 
further dehydrated the lenses. However, if the difference between the two 
weighings of the control groups are factored out of the experimental groups, the 
experimental groups still demonstrate a probability of less than 0.05 for 
decreasing in weight after modification. Therefore, these results conclusively 
reveal that stock is removed in this instance. 
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